PCT £ ™ 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 




(51) International Patent Classification 5 
A63B 21/00, A63F 9/22 



Al 



(11) International Publication Number: WO 94/16774 

(43) International Publication Date: 4 August 1994 (04.08.94) 



(21) International Application Number: PCT/US93/00724 

(22) International Filing Date: 27 January 1993 (27.01.93) 



(71) Applicant (for all designated States except US): LIFE FITNESS 

[US/US]; 10601 West Belmont Avenue, Franklin Park, IL 
60131 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): ANDRUS, Bryan, DeWitt 
[US/US]; 1921 Thornwood Lane, Riverwoods, IL 60015 
(US). SIKES, Martin [CA/CA]; 3038 West 28th Avenue, 
Vancouver, British Columbia V6L 1X5 (CA). ROBERT- 
SON, Christopher, David, Glen [CA/CA]; Apartment #B5, 
1019 Bute Street, Vancouver, British Columbia V6E 1Y9 
(CA). ANNES, Roderick [CA/CA]; 4358 West 13th Avenue, 
Vancouver, British Avenue V6R 2T9 (CA). SLEMKO, 
Mark, Joseph [CA/CA]; #38 West 60th Avenue, Vancou- 
ver, British Columbia V5X 12Y (CA). MADUZA, Andrew, 
G. [US/US]; 1488 Greenlake Drive, Aurora, IL 60504 (US). 
NIETO, Augustine [US/US]; 5 Kent Road, Winnetka, IL 
60093 (US). 

(74) Agent: McMURRY, Michael, B.; Jenner & Block, One IBM 
Plaza, Chicago, IL 60611 (US). 



(81) Designated States: AT, AU, BB, BG, BR, CA, CH, CZ, DE, 
DK, ES, FI, GB, HU, JP, KP, KR, LK LU, MG, MN, MW, 
NL, NO. NZ, PL, RO, RU, SD, SE, US, European patent 
(AT, BE, CH, DE t DK, ES, FR, GB, GR, IE, IT, LU, MC, 
NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, 
GN, ML, MR, SN, TD, TG). 



Published 

With international search report. 
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(57) Abstract 

A physical exercise video system includes a physical exercise machine (22), a video system (24) and an interface module (26). The 
video system (24) has a computer (28) and a removable cartridge (34). The interface module (26) is interposed between the computer 
(28) and cartridge (34), and provides interactive communication between the computer (28) and exercise machine (22). A communication 
protocol governs this communication, and includes specifications for status and command data packets. The video' system (24) and exercise 
machine (22) can be selectively operated as either stand-alone units, or in ah interactive exercise mode, wherein the exercise data generated 
by the exercise machine (22) affects the output of the video system (24), and may also be stored in memory within the interface module 
(26). The video system (24) controls the operation of the exercise machine (22) generally, and specifically, controls the load resistance 
imposed in opposition to the movement of pedals (66). The control of load resistance by video system (24) is a function of the operating 
characteristics of the exercise machine (22). 
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PHYSICAL EXERCISE VIDEO SYSTEM 

Technical Field 
This invention relates to physical exercise 
video, systems, and in particular to interactive video 
5 systems which are adapted for use with physical exercise 
machines. 

Background Art 
For years, people have recognized the health 
benefits of aerobic exercise. As a result, many 

10 stationary exercise dievices have been introduced, 
including bicycles, treadmills, rowing machines and stair 
climbers, to name but a few. These devices typically 
engage users in repetitive exercise motions, such as 
pedaling, stepping, pulling or running. This exercise 

15 movement is resisted (often variably) to induce physical 
exertion, leading to aerobic exercise. 

Despite the many benefits of exercise, some 
users find it tedious or boring, and this has discouraged 
many from regular exercise. Coincidentally , while some 

20 people shunned exercise, a large number (particularly 
teenagers) became television and video game enthusiasts. 
This development did not go unnoticed by the exercise 
equipment* industry, which over the years has attempted to 
make exercise more interesting by associating it with some 

25 form of visual entertainment, particularly television or 
video games. And although there have been many attempts 
to meld exercise and video, none of these efforts have 
yielded completely satisfactory results. 

By way : of background, many commercially 

30 available video systems, such as those sold under the 
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traders Nln tendo, Sega and Atari, are computer-based 
t6raCtlVe Vlde ° sterns which d isplay " arae out a p S u \ d 

on a conventional television. Game control 

(often referred to as - joystick, are interfaced to the 
S ga*e sy ten through plug . in ports ^ . acks ^ provide 

interaction with the action depicted on the screen 
Typically, removable memory cartridges containing various 
Program allow the game system to execute different ga.es 
or other interactive program, while these cartridge^ 
: e SyStMS " e ° f ~t interest, interactive vide 
Programs, deluding gan.es, can he pi aye d on other types 
of Video system, such as, for example< ^Zl 
colters Moreover, video systems encompass an " 
technolog.es including interactive 
15. educational program, broadcast and cable television and 
prerecorded video systems such as VCRs. 

There have been attempts to interface exercise 

::: h h interactive — ~ 

20 h 95 SimPly an ° ther I™* of game control 

peripheral or * cystic*. Some examples of these efforts 

" r * 4 ' 817 ' 95 ° (Pla - r *~ — of surf 

on video screen by moving simulated surfboard with 
Player-s feet); U.S. Pat. 4 , 7ii , 477 . (movement Qf 
hand es and swivel seat by player control aim of v^ 

swln aT U ' S - 5 '° 54 ' 771 (— t of 

marLr on "* ^ ^ ^trols position of 

hand! V SCrSen); U ' S - 4 ' 512 ' 567 »t of 

handlebars and pedal rpm enable stationary bicycle to 
control video game,; and U.S. Pat . J, 
30 (adjustable Pressure sensors placed on floor ge ^ " 
v.deo game input when pressed by a user) . 

Other, more sophisticated, efforts have used a 

' resit 9ame " aPParatUS t0 C ° ntro1 th. load 

resistance experienced by the user., some examples of 

i e eveT tS f " U * S - Pat - 5 '° 01 ' 632 - 

skill level of opponent in video game increases when heart 
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rate falls outside of predetermined range) ; U.S. Pat. No. 
4,709,917 (computer adjusts load resistance of bicycle in 
accordance with type of terrain depicted in video display 
of road); and U.S. Pat. No. 5,029,846 (load resistance 
5 varied in accordance with simulated hill profile depicted 
on spinning reel). 

None of these attempts have resulted in a 
practicable and widely accepted combination of exercise 
equipment and video systems. One reason is. that these 

10 past efforts tended to focus narrowly on specific game 
control hardware (such as swivel seats or simulated 
surfboards). In other cases, these approaches address 
only the specific manner in which a video game system 
might respond to exercise conditions (for example, scenery 

15 passes by more quickly with increased pedal rpm, or 
opponents become more powerful when heart rate is too 
low). These. limitations are unacceptable to both users 
and game .developers. On the one hand, users demand 
hardware that will execute a wide variety of games and 

20 programs. On the other hand, developers can only afford 
to invest in programs that will execute on a large number 
of systems. 

Disclosure of Invention 
. In accordance with the invention a flexible and 
25 powerful interface is provided that will result in 
substantially improved communication between exercise 
machines and video systems such as video games. As 
discussed above, other combinations of video games with 
exercis : e equipment tend to be isolated, specific 
30 implementations of exercise equipment adapted for video 
.., game interface. In contrast, the present invention, 
provides interfaces including hardware configurations, 
software techniques and communications protocols, which 
allow a wide variety of exercise equipment to interface 
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10 



15 



25 



with video systems, including television and interactive 
video games. 

1 - Interface Module 

one object of the ' invention is to provide an 

s e v s e t e T T° SyStS1D haVlng ^ 6XerCiSe maChine ' a video 
system and an interface module for enabling two-way 

communication therebetween. The video systein / 
Preferably a cartridge-type video game system which uses 
a conventional television as * display. However, other 
video systems can be used. 

im-i „ ^ emb0din,ent ' the exercise machine 

-eludes an exercise structure, which can be a stationary 
bicycle, treadmill, rowing machine, sfcier, stair climblr 

is ch 7 d6ViCe ' ^ eXamPle - ThS eXercise st -ture 
x. characterized by its ability to provide the user with 

^•r 1 ", 1 "™' SUCh 9S ™* -ing or 



stepping, for example. A load device, 
alternator-,' applies a load resistance in opposition to the 
exercise movement to induce aerobic exercise; The load 

win tt the ievei of ioad resistance in 

«th a load control signal. The exercise machine also 
-eludes at least one sensor which generates as output an 
exercise condition signal which can, for example, 
represent one or more of the fen owing: heart rate, pedal 
rpm, calorie consumption, or other exercise-related data- 

in accordance with the invention, the interface 
module is interposed between the video system's control 
unit and memory cartridge to provide a parallel bus 

30 rrr tion therebetween - 

module and coupled to the bus connection is a 
communications port. The communications port is linked 
to the exercise machine, which is also equipped with a 
suitable communications interface for providing two-way 
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communication between the exercise machine and the 
interface module. 

In accordance with the invention, the exercise 
machine transmits the exercise condition signal to the 
5 video system through the interface module, enabling the 
user to operate an interactive video game or other program 
in which the user's exercise performance affects game 
outcome. Moreover, the video system can transmit a load 
control signal to the exercise machine so as. to vary load 
10 resistance in accordance with the outcome of the video 

■s 

game. In this manner, the user receives not only visual 
feedback via the television or other display, but also 
receives feedback in the form of changing load resistance. 

2. Communications Protocol . 

15 Another object of the invention is to provide 

a protocol for establishing communication between an 
exercise machine and a video system. The protocol can be 
practiced with the hardware configuration described above, 
or other suitable variations. 

20 Under the protocol, the exercise machine and 

video system are connected for two-way communication by, 
for example, the above-described interface module. The 
exercise machine periodically sends out a status data 
packet. When the video system receives this status data 

25 packet, it responds with, a command data packet. 

The status data packet includes data bytes 
indicating the status of the exercise machine, certain 
predetermined exercise conditions such as, for example, 
heart rate, pedal rpm, .calorie consumption and the type 

30 of the exercise machine. The command data packet includes 
a command data byte which includes" initialize .and- update 
commands, for example. . The command data packet also 
contains data bytes ,.. which, in the case of the update 
command, are used to update or adjust operation of the 
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exercise machine. TvDicallv ^ oeo : * • 

yp caiIy ' these adjustments involve 

c « acteri tics of the exerclse „ ach .J Alternatively 
the special status data paCcet can include . co £ 

>. :::r i r t i; ith the psrticuiar ™ .» * 

esse a table is maintained in memory of the video system 
for stori„ g the oper.ti„ g characteristics , t the exer is" 
.achine associated with each code. ' •*««»• 

15 orovid. " y " a "° ther ° bjeCt ° f the "vention to 
provide a combination exercise machine and video system 
which operates ,„ several distent modes. ell no 
o„T; ^ e " rCiM " 0de - ~'-rl.y mode and land! 
graphic T"' ^ "^""ive exercise and 

graphic overlay modes, the exercise machine ana y id eo 
■° system are in two-way communication. i„ the case J the 
interactive exercise mode, the video system generates I 
video output , such as a g a.e display,, *j£ the " e 
interacts with the video system via the exercise machine 
- ■ end/or conventional g ame control peripherals. In Z 
5 case of the graphic overlay mode,- the video system 
overlays exercise data onto an external CATV' or other 
video T CM " Sti "^' *» «end-,l,„. „ ode , the 

video system and exercise machine operet. independently 

> select th !T mM * M6 * " ith "» iWventioh. the user can 

-* « °P-tionV Aaditional modes 
are possible. -l„ »ulti-pl,y. r -Vid„- ga »ek, it is also 
Possible lor the first player to Pperate the tfam u g 
en exercise machine in interactive exercise mode/while 
• -cond player also operates the g ame usi„ g conventional 
geme controls in a stand-alone mode. ,„ thi's mode two 
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players, only one of whom is using the exercise machine, 
can compete with each other in the same video game. 
Similarly, it is possible to have two exercise machines 
connected to the video system so that the players can 
compete in a video game using the exercise machine. 

4 . Dynamic Control of Exercise Machine . 

Still another object of the invention is to 
provide a video system which controls the load resistance 
or other operating characteristic of an exercise machine 
in a manner which is well-coordinated with the video 
system's visual display or other program result. 

In accordance with the invention, the video 
system and exercise machine are adapted for two-way 
communication. The exercise machine includes a load 
device for applying a variable level of load resistance 
in response to a load control signal . The video system 
generates a program result (such as an animated display), 
and controls the exercise machine's load resistance as a 
function of both the program result and the operating 
characteristics of the exercise machine, including load 
response. In this manner, changes in actual imposed load 
occur concurrently with changes in video display or other 
program results. 

In one embodiment, the video system is a 
cart ridge- type video game system. The game system is 
interfaced with an exercise machine so that the user's 
exercise performance affects game play, and the game play 
affects the load resistance imposed on the user by the 
exercise machine. The game includes an animated display 
of a race over terrain of varying grade and quality. The 
video system's computer adjusts the load resistance of the 
exercise machine in accordance with both the variations 
in the depicted terrain and the exercise machine's load 
response. By taking load response into account, the 
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t ?"T in reSiSta "" «» "alistically correspond 

to the program results. 

For example, if the exercise 
alternator having . nearly instantaneous response to 

; n9e ;;; r r oontro1 si,nai - ^ — - 

vary the lead control signal simultaneously with 
-natrons in the depict ea terrain. „o„ever, ' if 
exercrse machine uses a bana or eddy ourrent braxe havi™ 

10 then the vrdeo system .ill change the load ^ T£ 
Prior to the displayed variations in the terrain In SI 
manner the user does not experienoe disoontinuity between 

:::: nsr terrain ™- - - — " - 

system This oan be aooomplished in accordance ,1th the 
above-described or other communications protocol 
Alternatively, the video system can transmit desired 

- current and tutur. load values to the exercise machine 

I ,n.Tr i5e h " aChi " e the " -J- ^ 

signal to achaev. the desired future load resistances in 

accordance „ith its particular operating characteristics 
5 - Graphic; Overlay 

v d An ^tional object of the invention is to 
Provide an exercise Machine adapted for interface with a 

r; ri™ and having the capabmty - 

• that h " " Vid6 ° m ° nit0r ' SUCh 35 * television 

30 i;;r r receiving and dispiaying - — 

- video S1 gnal such as a CAW or televis . on broadcast x 
accordance with the invention, exercise data s 
superposed over the external -signal. lt is also 
possible for the user to switch hack and forth between 
watching television and playing an interactive video gal 

« or other program. y 
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One embodiment of the invention includes an 
exercise machine, a cartridge-type video game system, a 
communications interface, a video interface and a 
television. The video interface is interposed between the 
5 external video signal and the television, and includes an 
overlay circuit that superimposes data onto the external 
video signal. The video interface is linked via wire or 
radio frequency signal to a video port located within the 
communication interface. Trie video port is coupled to the 
10 video system so that the video system can write exercise 
data to the video port for superimposition on the external 
video signal by the video overlay circuit. Alternatively, 
the video port may be coupled directly to the exercise 
machine. 

15 in one embodiment, the video interface includes 

a switch. The switch has a first input connected to the 
video signal output of the video system, and a second 
input adapted for receiving an external video signal from 
a CATV tuner or VCR, for example. The switch includes an 

20 output that is coupled to the video overlay circuit, and 
is adapted for selectively coupling the external video 
signal and video system output to the overlay circuit. 
By operating the switch, the user can display either the 
external video signal or the video system output on the 

25 television. 

In accordance with one aspect of the invention, 
the switch is responsive to a control signal which is 
generated by the video system. In cases where the video 
system can operate in both the interactive exercise mode 

3 0 and the graphic overlay mode, the 'switch allows the video 
system to toggle between the two modes in response to a 
user's command. For example, a user playing a video game 
in the interactive exercise mode can switch to the graphic 
overlay mode. Here the video system will suspend 

3 5 execution of the game program, operate the switch to 
display a CATV or other external video signal * on the 



WO 94/16774 



-10- 



PCT/US93/00724 



20 



:5 



television, and then commence operation in the graphic 
overlay mode, described above. 

6 - Storage of Exercise Data . 

Yet another object of the invention is to 
provide a method for storing exercise information in a 
combination exercise machine and video system j„ 
accordance with the invention, the cpmbination includes 
an interface module for enabling communication between the 
exercise machine and a cartridge-type video system. The 
10 interface module includes a nonvolatile random access 
rnemory which is addressable by the video system for 
storing exercise data. 

In one embodiment, the interface module is 
15 ^° Sed bStWeen the Cart ^ and the video system's 
15 control unit. The interface module incluL a 
communications port which enables two-way communication 
between the video system and the exercise machine." The 
interface module also includes memory which is addressable 
by the video system. 

During exercise, the exercise machine transmits 
exercise data to the video system via the interface 
nodule. The video system periodically writes this 
information to the memory, m this manner, the user can 
maintain a record of exercise data, even if the cartridge 
or, for that matter, the video system is replaced. This 
is particularly useful where the user from time to time 
exercises with a cartridge-resident exercise training 
Program. The exercise training program can access the 
exercise data stored in the interface module, even though 
that- data may have been generated while the user was 
exercising with a different training program or even a 
video game. 

. In some cases, game cartridges include a 
standard routine for recording in memory exercise data in 
accordance with a predetermined format. m this manner 
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exercise training programs can include routines which 
recognize and use data stored in the predetermined format 
by the video games and other programs. 

7. Remote Control of Exercise Machine . 

5 A further object of the invention is to provide 

a combination computer-controlled exercise machine and 
computerized video system, wherein the computer processing 
and display power of the video system are used to remotely 
handle the computer-controlled operational and display 

10 features of the exercise machine. 

In accordance with the invention, the apparatus 
includes an exercise machine, a video system that is 
remote from the exercise machine, and an interface for 
enabling data communications between the exercise machine 

15 and the video system. Preferably, the video system is a 
cartridge-type video game system. The exercise machine 
includes a number of elements for measurement and control 
of the exercise activity. These elements communicate with 
the video system via the interface. Thus, the video 

20 system can collect, process and display exercise data, and 
can control the operation of the exercise machine such as, 
for example, by adjusting load resistance. In this 
manner,^ the exercise device capitalizes on the processing 
power of the video game system, and can be produced 

25 without a control computer or display, as has heretofore 
been required. 

... 

8. Video Game Exercise Protocols. 

An additional object of the invention is to 
provide an exercise video system including an exercise 
3 0 machine having a variable resistance where exercise 
protocols are embedded in a video game. The protocols are 
effective to control the resistance in combination with 
a game scenario so as to accomplish a predetermined 
exercise objective by playing the game. In one 
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embodiment, the video game display is generated to 
correspond to a predetermined resistance program while 
compensating for the rate of exercise of the user. For 
example, hills can be generated on the video system 
dxs P i ay that correspond to the resistance programs 
controlling the resistance in the exercise machine. At 
the same time, the display of the hills is adjusted to 
take into account the user's rate of exercise. 

Brief Descriatinn nf DratinnfTg 
FIG. 1 is a perspective view of a system" in 

accordance with the invention having an exercise machine, 

video system and interface module; 

FIG. 2 is a block diagram of the system of 

rlG.. 1; 

FIG. 3 is an exploded perspective view of the 
video system and interface module of FIG. 1; 

FIG ! i_ FIG ' 4 " 3 bl ° Ck diagram of system of 

FIG. i, showing in greater detail the components of the 
exercise machine; 

FIG. 5 is a plan view of the control panel of 
tne exercise machine of FIG. 1; 

FIG. 6 is a block diagram of the system of 
FIG. i, showing the internal components of the interface 
module ; 

FIG. 7 is a timing diagram showing the timing 
relationship between the video system computer's clock 
signal and the internal clock signal used by the interface 
module ; 

FIG. 8 is a block diagram of the system of 
FIG. 1, showing the internal components of the video 
interface; 

FIG. 9 is block diagram of a system in 
accordance with an alternative embodiment of the 
invention; 
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FIG. 10 is a diagrammatic illustration of a 
communications data packet; 

FIG. 11 is a diagram showing the contents of a 
status data packet transmitted from the exercise machine 
5 to the video system of FiG. 1; 

FIG. 12 is a diagram showing the contents of a 
command data packet transmitted from the video system to 
the exercise machine of FIG. 1; 

FIG. 13 is a logic flow chart showing the 
10 generalized operation of software executed by the video 
system of FIG. 1; and 

FIG. 14 is a diagram illustrating the output of 
a video game having an embedded exercise protocol. 

Modes For Carrying Out The Invention 

15 The invention is described, with respect to the 

embodiments of FIGS. 1-14. While these embodiments 
incorporate the several features of the invention, it 
should be noted that in most cases these features can be 
practiced independently of one another. The primary 

20 features of the invention are discussed below, and are 
generally separated into sections under the captions 
Hardware Configuration, Communications Protocol, Multi- 
Modal Operation, Dynamic Control of Exercise Machine, 
Graphic Overlay Mode, Data Storage, Remote Control of 

2 5 Exercise Machine, and Video Game Exercise Protocols. 

While the illustrated embodiment uses a video 
game system, it is understood that the term "video system" 
is intended to include any entertainment and educational 
products that employ graphic displays such as televisions, 

30 video monitors or liquid crystal displays (LCDs) . 

Hardware Configuration 

FIG. 1 is a perspective illustration of an 
exercise-video system 20 in accordance with the invention. 
FIG. 2 is an accompanying block diagram. The system 20 
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includes an exercise machine 22. a video system 24 and an 
interface module 26 . Each of thesg ^ 

discussed b elow in greater detail. Generally speaking 
however, the video system 24 communicates with th e 
exercise machine 22 via ^ 

effectively cosine video entertainment with exercise 

Video System . Referring to FIGS . 1-3 the 
-eo system 24 is a cartridge-type video game system 
10 Nintendo * the trademark 

a video T ^ ^ Vid6 ° SySt - 24 Eludes 

a video system computer 28 or other control unit. The 

-de, system 24 is designed for use with, and typically 

so a separately frora> a teievision 3o ^ y 

television 30 could be integral with the video system 24 

y°s W t e e V : r ; 4 f0r PUrP ° SeS " thlS ^^^tion, the video 
system 24 ls considered separate from the television 30 
unless otherwise specified. ?° 

con , , Vi ^° SyStem 24 also includes two game 

20 -"ed " .cystines") 32a and 

32b and a removable memory cartridge 34 containing a 
v.deo game program. A third game control peripheral 32c 
xs optionally coupled directly to the exercise machine 22 
While the illustrated embodiment uses the 

2 5 TrZ 1 Z 30 3 diSPlay ' lfc Sh ° Uld be -^d that any 
graphic display device could be used, including video 
monitors and LCD displays, for example. Moreover, the 
invention can also be practiced using virtual reality 
techniques, including headset-type displays. 

, 0 , The video system computer 28 includes a video 

>o signal output 36 which is coupled to the television 30 via 
a video interface 38. As best seen in FIG. i a 
conventional wall outlet 40 provides an external cable TV 
(or "CATV") signal 42 which is routed first through a CATV 

5 ITZ M : ^ ^ t0 Vide ° int6rfaCe 38 • rL output 
of the video interface 38 is fed to the television 30 
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The video interface 38 is discussed below in 
greater detail. Generally, however, it acts as a switch 
between the video signal output 3 6 and the output of the 
CATV tuner 44. Moreover, in accordance with the 
5 invention, the video interface 38 is coupled directly to 
the interface module 26 to allow exercise data and 
graphics to be overlayed onto the CATV signal 42. 

The video system 24 is characterized in part by 
its modularity. For example, the game control peripherals 

10 32a and 32b are releasably connected to video, system 
computer 28 by jacks 36a and 3 6b, respectively. Likewise, 
the memory cartridge 34 is removable, to allow convenient 
reprogramming of the video system computer 28. While the 
primary application of video systems, such as the system 

15 24, is for entertainment and video games, the invention 
may be practiced with other applications, such as 
educational or fitness training programs. 

FIG. 3 is an exploded perspective view of the 
video system computer 28, the memory cartridge 34, and the 

20 interface module 26. It will be noted that the memory 
cartridge 34 includes a male connector 46 that conforms 
to a predefined standard. The video system computer 28 
is equipped with a corresponding female connector 48 to 
allow the memory cartridge 34 to be conveniently plugged 

2 5 into to the video system computer 28. The male and female 
connectors 46, 48 have a number (in this case, sixty-two) 
of parallel lines 50 defining a video system bus for data, 
address, and control signals. 

In accordance with the invention, the interface 

30 module 26 is interposed between the memory cartridge 34 
and the video game computer 28. It includes a hc-using 52 
having an upwardly opening female connector 54 adapted for 
receiving the male connector 4 6 of the cartridge 34, and 
a downwardly extending male connecter 56 adapted for 

35 engagement with the female connector 48 of. the video 
system computer 28. As best seen in FIG. 6, a bus portion 
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58 inside the interface Module 26 couples the memory 
cartridge 34 and video system computer 28, and acts as an 
extension of the video system bus. 

The foregoing embodiment is provided for 

"I " illUStrati °- »" Mention may be practiced 
with other types of video systems, including personal 
computer, as well as systems which have a CD ROM 0 

10 1 ; Llk6WiSe ' While thS int ~ fa ~ «odule 26" is 

preferably interposed between the video system computer 
28 and memory cartridge 34, other configurations are 
possible. For example, the interface module 26 could be 

u pied with the video system bus through an expansion 
slot, ]ack or other . n hQus 

Z Alt *™*^y. ^e interface module 

26 could be internal to the video system computer 28 and 

such as described in „. s . Pat . „ Q . £ 

JMr " ay »»«•»«. «« ,„d pedals ee, which th « ussr 
may e„ gage for repetitive exercise .ovnne.nt. Th(! 
» invention „ y also be practiced with other types of 
-ero.se machines, sue,, as rowing machines, ^iing 

22?*: stair cll * Mn ' Simulatori ' - <« 

0 r>, . ^ CO,,ponents ° f exercise machine 22 are 

a e'er" ™' " ^ » -lodes 

an exercfse computer 68, which is a Motorola brand 68HC05 

Microcontroller. Alternatively, any suitable control unit 

may .be used. As best seen in FIG . ,, the exercise 

computer « is operatively associated with a number of 
sen Sor d deviceSi namely ^^^^ . 

sensor ,2, a control panel 74 and an optional „„e control 
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peripheral 32c. The biopotential and mechanical sensors 
' such as sensors 70, 72 generate data related to the user's 
exercise movement. This data could include heart rate, 
pedal rpm, calorie consumption or other exercise 
5 conditions. Generally, mechanical sensors are coupled 
directly to the exercise machine 22, while biosensors may 
be coupled to the user or the exercise machine. 

The mechanical sensor 72 is a tachometer, and 
is associated with the pedals 66 for generating a pedal 

10 rpm signal. Game control peripheral 32c is optionally 
mounted to the handlebar 64 for providing user-controlled 
game input. The biosensors 70 are mounted to the 
handlebars 64 for detecting the user's heart rate. An 
example of a suitable heart rate, detection system can be 

15 found on the Lifecycle® 9500 HR brand stationary exercise 
bicycle, available from Life Fitness of Franklin Park, 
Illinois, USA. Alternatively, biosensors 70 can be 
clipped to the user's ears, mounted to the user's chest 
or affixed on game control peripherals. 32a and 32c. 

20 Optionally, the biosensors 70 may communicate with the 
interface module 26 via a radio signal and/or an analog 
signal on one or more dedicated lines (not illustrated) . 

The control panel 74 displays exercise data 
such as elapsed exercise time, total calorie consumption, 

25 heart rate, and pedal rpm. FIG. 5 illustrates, a plan view 
of the control panel 74. The control panel interfaces 
with the exercise computer 68 in any suitable manner, such 
as by serial or parallel interface, and includes displays 
for elapsed time 76, heart rate 78, pedal rpm 80 and 

30 calorie consumption 82. 

The control panel 74 also includes a keypad 84 
for accepting user input. User input can include 
physiological data (such as sex, age and weight) that is 
useful for managing various types of exercise programs. 

35 It can also include a user-selected effort level, which 
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can be „ sed to determine or scale the load resistance 
imposed on the user. ce 

The control panel 74 may lnclude a 
profile display ... „ h ich provides . scrol J J - 

of current and upcoming lo ,d resistance values. The 
program profile display S6 includes columns of LEDs 
-veral of which are designated in rlG . 5 by 
numerals s 6 a-s 6 c. each of the columns sea-sec graph","* 

which „U1 be imposed on the user. These values are 
tylized as ..hill .is... The magnitude of each load value 
to " P " SBntM by illuminating columns of LEDs 

he /ar u/tT ^ g " Ph - "» ~ -1- is in 

the far left-hand column 86 , of the p 

display ,,, 4nd the future values are arranged „ 

across the display M from right to left> SCro11 
The pedals 66 are drivingly connected (such as 
by chains or belts, not illustrated) to a load device 88 
:; h in thiS « alternator. Altern^or 8 

-poses physical drag or load resistance against thl 
user s exercise movement. While the alternator 88 is the 
preferred load resistance mechanism; an eddy-current brake 
or other suitable device may be used. The alternator is 
responsxve to a load control signal 90 generated by the 
exerc.se computer 68 for varying the level of resistance 
-posed on the user. m" this manner, it is possible to 
regulate the physiological intensity of the user's 
exercise movement. An example of this technique is 

May 12°" e i992 n U ' S ' Pat APPl S " ^331,913 fil ea 

There are a number of techniques for 
controlling the load resistance of the alternator 88. one 
technique especially suited to computer controlled 
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exercise machines is pulse width modulation. Accordingly, 
the exercise computer 68 applies a binary pulse train to 
the alternator's field coil (not illustrated) . By varying 
the duty cycle of the pulse train, the exercise computer 
5 68 can control the torque resistance imposed by the field 
coil on the alternator's driven coil (not shown). 

Interface Module . As explained below in 
greater detail, the interface module 2 6 allows the video 
system computer 28 to communicate with the exercise 

10 machine 22. Thus, data generated by the exercise machine 
2 2 (such as heart rate and pedal rpm) is accessible to the 
video system computer 28. Consequently, the user can play 
an interactive video game in which the user's exercise 
performance affects game outcome. 

15 Moreover, the video system computer 28 can 

instruct the exercise machine 22 to vary load resistance 
of the alternator 88 in accordance with the game software 
resident on the memory cartridge 34. For example, in a 
video game involving a simulated bicycle race over hilly 

20 terrain, the video game computer 28 can increase or 
decrease the exercise machine's 22 load resistance in 
accordance with the grade of the simulated terrain and/or 
the user's exercise performance. 

Referring to FIG. 6, the internal structure of 

25 the interface module 26 is illustrated in greater detail.. 
The major elements of the interface module are: the 
internal bus 58, which has data, address, control and 
power lines; an addressable asynchronous communications 
port 94; a static random access memory. ("SRAM") 96; a 

3 0 video port 98 which allows a byte of data to be overlaid 
on the television 30 via the video interface 38; and a 
network interface 99 . , which allows the video system 
computer 28 to communicate via modem or the like with 
remote devices such as network 101. Each of these 

35 components is coupled to the address and data lines, of the 
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bus 58 so that it Is accessible by the video system 
computer 28. 

The SRAM 96 is eight kilobytes in size, and 
preferably includes a battery backup 100. Coupled to the 
video system computer 28 via the address and data l ines 
of the bus 58, the SRAM 96 allows the video system 
computer „ to store and retrieve data, including 
exerc.se-related data. I„ this manner, data can be 
maintained by the system 20 even when memory cartridge 34 
is changed. This feature is particularly useful for users 
who may want to track exercise data relating to past 
exercise sessions without having to always use the same 
memory cartridge (i.e., play the same video game). 

The communications port 94 features an rs-232 
connector 102, and conversion circuit 104 and an 
asynchronous communication interface chip ( » AC IA») io 6 . 



A cable 108 (best seen in FIG. l, connects the 



RS-232 



connector 102 to the exercise machine 22. Alternatively 
data could be communicated via light, radio or other 

20 TT media - reCeiV6d fr0m the — ise machine 

22 enters the interface mddule 26 via the connector 102 
The conversion circuit 104 converts the incoming data 
signal from RS-232 voltage to TTL voltage. The converted 
data is then fed serially from the conversion circuit 104 
to the ACIA 106, The ACIA 106 accumulates the data in an 
internal register (net illustrated) so that it is 
available in parallel format. Likewise, data stored in 
the ACIA 106 can be transmitted to the exercise machine 
22 Vla the conversion circuit 104 and RS-232 connector 
102. The exercise machine 22 includes a remote 
communications interface 111 (best seen in FIG . 4) which 
is comparable to the communications port 94. The remote 
communications interface 111 enables the exercise computer 
68 to send and receive data on the RS-232 channel defined 
5 by the cable 108. 
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The conversion circuit 104 includes a MAX232, 
available from Maxim Integrated Products of Sunnyvale, 
California, USA. The ACIA 106 is a model 6551 available 
from Rockwell International Corp., USA. While RS-232 
5 standard communication is preferred, any suitable standard 
may be used. 

The ACIA 106 is coupled to the address and data 
lines of the bus 58 so that the video system computer 28 
can read and write data bytes to and from the ACIA 106. 

10 When the interface module 26 is first activated, the video 
system computer 28 initializes the ACIA 106 to communicate 
at 9600 Baud and to generate a hardware interrupt ("IRQ") 
signal each time it receives a byte of data. The 
communications protocol and software used in the 

15 illustrated embodiment is discussed below in greater 
detail. 

The video port 98 enables the video system 
computer 28 to write data to the video interface 38, which 
in turn overlays the data on the CATV video signal 42. 

20 The video port 98 is a data latch coupled, to the address 
and data lines of the bus 58, as best, seen in. FIG. 6. 
Four bits of the video port 98 are each coupled to a 
separate one of four lines 114. The four lines, 114 are 
in turn coupled to the video interface 38. Three of the 

25 four lines 114 are for timing and control. The fourth is 
for serial transmission of data. Because this data is 
transmitted serially, the video system computer 28 must 
write eight times to the video port 98 in order to 
transmit one eight-bit byte to the video interface 38. 

30 Alternatively, an additional interface chip, such as ACIA 
106, could be used which would accept the video djata from 
the video system computer 28 as a single byte. The video 
overlay function is discussed below in greater detail. 

The interface module 2 6 includes two additional 

35 components which prevent potential hardware conflicts 
between the interface module 2 6 and the memory 
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cartridge 3,. The first edditiona! ,„ t 

ZflT 9 hard " are CO " fliCtS ^ " ^ ^ "S. £ 
Clock divider lie U . JK alp ■ , ™« 

npu the systen clock signal svscu< J^. c lock 
v ld .o syste, computer 28 . ^ o , J J- 

:~ r r erat * - -~ — ^ «. 
di^r^- that is ~ f th " ° f - ^ 

>. fed into t ™! ~- f "^«"=y ciooK puis. s ig„ al 120 , is 
into the clock input of the ACIA lOfi -v 
dock cycle of ACXA operation acWiy has a /u T 
equal to two clock cycles of th. v „ duration 
m Vlde ° system computer 28 

in some cases, the clock speed of the vid ^ Z 

computer is too fast to en.hi SySte,n 

SVSCLK. the ACIA «6 has adequate ti.e to acoeot or 
prov.de data bit. onto the data lines of bus !8 - 

system colter 2 a Urates a first clocT p„Ue 2 
Places data and address information onto tne aria' and 
address lines of the hus 58. At the sa»e til the 
interface noddle cloc* divider lis generates an ACIA eloc* 

tl» t,, when the video systea computer 28 generates-, 
second cloc* puis. 126. At tine t,. hoth the single a C ia 

30 T 

urifr r P«ctloe. th. actual data hyte to be read or 
written to th. ACIA should b. placed onto the bus between 
the ail in, . dg e s at tine t , and rf ^ - 

clocK pulses l, 2 and 126. In video systens with eight-bit 
buses and sixteen-bit words, this can be accept! by 
Placing the subject byte in that half of the word which 
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the video system computer 28 last places onto the bus 
58. 

The second additional component for preventing 
hardware conflicts is an address decoder 128. The address 
5 decoder 128 is coupled to the address lines of the bus 58 
and functions as a chip-select circuit. Each of the 
above-mentioned devices (communications port 94, SRAM 96, 
and video port 98) is associated with a predetermined 
address or range of addresses. When the video system 

10 computer 28 places one of these addresses on the address 
lines of the bus 58, the address decoder 128 asserts that 
one of the chip enable outputs (illustrated in Fig. 6 as 
RAMSEL, ROMS EL, VIDSEL, and COMSEL) which enables the 
device corresponding to the address. For illustration, 

15 the RAMSEL signal enables the SRAM 96; the VIDSEL signal 
enables the video port 98; the COMSEL signal enables the 
communications port .94 and. clock divider 118; and ROMSEL 
signal enables the memory cartridge 34. If the optional 
network interface 99 is used, the address decoder 128 

20 should provide an additional chip enable output. 

The address decoder 128 is also coupled to a 
control line SELECT, which is shown in FIG. 6 apart from 
the other control lines of the bus 58. In some cases, the 
video system computer 28 may assert the SELECT line when 

25 it is addressing memory locations in the memory cartridge 
34. To avoid a possible hardware conflict, the SELECT 
line does not run directly from the connector 56 to the 
connector 54. Rather, it terminates at the address 
decoder 128. The address decoder 128 circuit asserts the 

30 ROMSEL signal (to enable the memory cartridge. 34 ) when the 
video system computer 28 has asserted the SELECT line and 
none of its other chip enable lines are asserted. Thus, 
to the memory cartridge 34, the ROMSEL signal is 
interpreted as though it were the SELECT signal line. 

35 Communications Protocol 
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Referring now to figs. io- 12> the 

~ i0nS P " tOCo1 bet — the video system 24 and 
the exercise machine 22 is now considered 

5 the t " lth b ° th UnitS 22 ' 24 P ° Wered 0n a " d initianzea 
the exercise machine 22 and video system 24 ^ 

periodically exchange data, allowing the video system 
colter 28 both access to exercise data and the abTuty 
If ^ — C iSS Optionally, the 

10 :d u le s enCryPted " ~ " — * internee 

This communication is made possible by the 
interface module a., discussed in detail above. The 
interface module 26 is coupled to the bus 58 so that th 
vxdeo colter 28 can send and receive d" 

10 Eac^ f; erali2ed —Nation packet 130 of FIG. 
10. Each data packet includes a start byte l 32 a 

ZTITZI " d3ta byt6S " 4 ^^wi» g thwart 

^yte l 32 , and a stop byte 136. The start byte 132 has „ 

ninth bit asserted. (T he parity bit can be Led L "is 

" Purpose.) „ hen the conununications 94 i n Z 

interface module 26 detects that *M 

asserts detects that this ninth bit is 

video / 96nerateS ^ intSrrUPt Slgnal so that the 
video system computer 28 can process the remaining data 

5 th ' ^ ^ — -tions interface 

in the exercise machine 22 detects that the ninth bit 
is asserted, it too generates an interrupt signal so that 
the^exercxse computer 68 can process the incoming data 

0 contr illUStrated ^iment, communication is 

condoned by the exercise machine 22 , wnicn every 

minseconds transmits a communication packet 130 having 

IcTZ*^ PaCket " 8 35 ShOW " ^ FIG - «™ the 

ACTA 106 in the interface module 26 receives a start byte 

132 transmitted by the exercise machine 22 , it asserts the 
Slgna1 ' generating a hardware interrupt. The 
interrupt enables the video system computer 2 8 to process 
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the incoming transmission. Each successive data byte of 
the status data packet 13 8 causes the ACIA 106 to generate 
an interrupt. The video, system computer 28 can then read 
the byte from the ACIA 106 via the address and data lines 
5 of the bus 58. 

When the stop byte 136 is received, the video 
system computer 28 transmits a communications packet 13 0 
having a command data packet 140 as shown in FIG. 12. 
When the remote communications interface 111 on the 

10 exercise machine 22 receives the start byte 132 of the 
communications data packet 130 transmitted by the video 
system computer 28, it too asserts an. interrupt signal . 
The interrupt enables the exercise computer 68 to process 
the incoming command data packet 140. 

15 The status data packet 13 8 transmitted by the 

exercise machine 22 includes the following bytes: a start 
byte (including an address and ninth start bit) ; data 
bytes D 1 through D 5 ; ; and a stop byte (including a checksum 
and ninth stop bit) . The start byte includes an arbitrary 

20 address that is preassigned to interface module 26. , Start- 
bytes which have a different address are ignored by the 
ACIA 106. The data byte D 0 is a status byte. The data 
bytes D 1 through D 4 are exercise data. In this case, the 
exercise data includes pedal RPM, elapsed time in minutes 

25 and seconds, user-selected -level and machine, -type. Other 
exercise data may be transmitted depending on the nature 
and capabilities of the exercise machine 22. The machine 
type byte D 5 indicates the type of exercise machine, and 
is discussed below in greater detail.. The stop byte 136 

30 is a checksum, and includes a ninth stop bit. 

The status byte 138 has five predefined values 
each corresponding to a different one of the following 
status conditions: (i) NULL status ;. . (ii) READY ; status ; 
(iii) RUNNING status; (iv) PAUSING status; and (v) ENDING 

35 status. The NULL status means "no status." The READY 
status means that the exercise machine 22 is operating and 
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ready to begin interactive communication with the vi. 

z :L oo,put ; r . 2 °- The — — -„v: a r : 

umcation, and is accepting command data packets 3.n 
from the video ^c^^ packets 140 

-ans that th ^ " 28 ' ^ PAUSING ^atus 

e ». WstM u dispUying Mercise a ^ - 

138 t h ," reSP °" Se " ""^ ° f " «"<■« <*« a packet 
folloL, ^es /ta« wt er r e °° dUle 26 inClUdi " 9 the 

ais P1 , y aata bytes thro ^ J « io« v. lue byte D „. 

. checsu^ aM . Bfi 4h- sto ; bi t; p byte ,havin9 

err ~ by - -- -- - r~ 

. =1^ ' ha r fi a ; aMiti ° mi ~* - £ 

0 fiVe P^efined values ea 'o h 

corresponding to a different one of the foil 
commands- m ntitt „ . . following five 

uuuanas. (i) NULL command fii) thtttatt^u 
UPDAtp ™„ o . INITIALIZE command; (iii) 

UPDATE command; (iv) PAUSE - command; ( ±V , terminal 
command; and (v) ABORT command. TERMINATE 

The ^ c °^and causes no action to be taken 
^ the exercise machine 22. The INITIALIZE co 
instruci-c *-v^ •••• command 

~ :r e ™ a n srsr- » - • 

Of the 1 , =< "" PUter 68 - control 

« th. led re sl ,t a „ee a „a progre. profile displ 86 

abld8S " y — — *— * ^ video sysL co„ pu t e 
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28. The PAUSE command. causes the exercise computer 68 to 
place the exercise machine 22 in a pause mode, such as to 
allow the user to momentarily dismount- The TERMINATE 
command causes the exercise machine 22 to set load 
5 resistance to its lowest level, and display exercise data. 
The ABORT command causes the. exercise machine 2 2 to 
immediately terminate interactive operation, and resume 
stand-alone operation. 

The UPDATE command instructs the exercise 

10 computer 68 to update the load control signal 90 and the 
program profile display 8 6 with the data bytes D 1 through 
D 5 contained in the command data packet 14 0. As discussed 
earlier, the exercise computer 68 controls the alternator 
88 by pulse width modulation of the load control signal 

15 90. When the exercise computer 68 receives an UPDATE 
command, it adjusts the duty cycle of the load control 
signal 90 in accordance with the value of the load byte 

The exercise computer 68 also updates the 

20 program profile display 86 in accordance with the data 
bytes D 2 through D 5 . In practice, each byte D 2 through D 5 
corresponds to one of the predefined columns of the 
program profile display matrix 86, and each bit of each 
byte corresponds to one of the LEDs in that column. The 

25 state . of each particular bit, determines whether or not its 
corresponding LED is illuminated. Depending. on the number 
of columns in the program : prof lie display 86, additional 
or fewer data display bytes must be used.. 

A typical dialogue between the exercise 

3 0 computer 68 and the video system computer 28 begins when 
the exercise machine 22 is initially powered up. At that 
time,, the exercise computer 68 begins transmitting (every 
100 milliseconds) a status data packet 138 with the status 
byte indicating a READY status. At some point in time, 

35 the user activates the. video, system 24, whereupon the 
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video system computer 28 begins receivina «•>, , 

5 packet 138 by transmit-* , received status data 

xjb oy transmitting a command data packet nn , 
the command byte indicating an INITIALIZE . 
causes the exercise machine IT^l ™ S 
operation. The video t0 b6gin interactive 

•ine video game computer ?n 
necessarily have t n , does not 

i lssue the INITIALT7P 

3 . immediately Ra f h ^ • -a.. •«•«•«• halize command 

«<-eiy. Rather, initialization ran k • : ~ 
to user input (such as via th, " res P°* se 

32a). lltJi^"^? 1 -^ P-ipherai 
broadcast the INI TIAL TZ E ^ ^ 28 c ™ 

computer 68 J be CO,Wnand ' th * —rcise 

^ ba can be programmed to ionor^ 

instructed bv th* ..<=«>• / • ignore at until 

-gin interact o^r "> - 

accepts the' S^t^ f 1^^~ - 
status data packet 138 having a statu Z t ^T ' 
a RUNNING status. when the vid^ svl ' 
receives this statu. . V m co *P u ter 28 

nis sta tus, it transmits an updatf „ 
causing the py»r^ "J*-uate command, 

g rne exercise computer 68 to update t-h ^ L 
control signal 90 and program profile ^ \ ^ 
accordance with the load and display^ data ro tH 
in the command data packet 140 . Z ™ I ^ $ 
continues to broadcast a 

*Uliseconds, and the video system computer 28 Lnt 

to respond with successive UPDATE commands tlnU6S 

At sone point, the user' may (vi , tha t 
Ml.pl.ce the exercise .achihe 22 ihto a "us , ^ 
m pause statue, 'load resistance is set SZT 
value, ,iv ing the user an opportunity to res or ais T 
"hen the exercise machine 22 „ I ™<™ ^ 
exercise co-purer 68 transits a status data t ! 

the vrdeo systen ccputer 2 S receives the PAUSIHO status 
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byte, it can also enter a pause status, or simply continue 
the video program without further input from the exercise 
machine 22. When the user (via the keypad 84) brings the 
exercise machine 22 out of pause status, the exercise 
5 computer 68 resumes transmission of the RUNNING status 
byte. In response, the video system computer 28 resumes 
transmission of the UPDATE command. 

The exercise machine 22 can also be made to 
pause by the video system computers 28 issuance of the 
10 PAUSE command. When placed into pause by the video system 
28, the exercise machine 22 sets load resistance to its 
lowest value, ignores subsequent load values transmitted 

by the video system computer 28, and begins transmitting 

.. *> 

a PAUSING status byte. The video system computer 28 
15 terminates pause status by sending the UPDATE command. 
Upon termination of the pause status, the,. exercise machine 
22 resumes broadcast of the RUNNING status. 

After the game or exercise program is over, the 
video system computer 28 transmits a TERMINATE command . 
20 The exercise machine 22, upon receiving the TERMINATE 
command, begins displaying exercise data (such as, for 
example, total calories and kilometers) , and .begins 
transmission of the ENDING status byte. The exercise 
machine 22 will continue transmitting the ENDING status 
25 byte (and displaying exercise data) until the user presses 
a reset button or the like on the keypad 84. At that 
time, the exercise machine 22 begins transmission ..of the 
READY status byte, and waits for another dialogue to begin 
with the video system computer 28. 

30 Multi-Modal Operation . 

Referring to the flow chart of FIG. 13, the 
video system 24 can operate in an Exercise Mode, Graphic 
Overlay Mode or Game Mo<de. . These modes .. should not be 
confused with the concept of interactive and pause status 

35 conditions discussed above in connection with 
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~-ti„„s Protocol. The modes described 

sect ral high . ]evei ^ his 

status conditions describe 

described m connection with 
conununications protocols relate to the J, 

^~rji~tr the 

-chine 22 for receiving ^ ^ t0 the —else 
0 load 8 „^i , exercise data and transmitting 

load and display commands, it i s to ^ • , 

26 end communications protocol are directed. 

Contrastingly, i„ came Bode th. 
machine 22 and video system 24 oper«. 
stand-alone units. It l lu J^^ZTTT'' " 
exercise „ hi i e pl , ying , vId . o J™** • -« may 

facilitate this, one of the vide! g L"s t--" 
perioheral, • 9 ,a,a interlace 

P npherals 32a >s mounted to the handlebars 64 of th. 

-ercrse machine 22. Th e g ame interface peripheral 32a 

u r r r r: f onction - ^ l « . ; 

uuuie ^6. As discussed above the. r hi^ 
peripheral „.„ w ■■ thlrd game control 

Peripheral 32c can be mounted on the handlebars 64 and can 
be connected to the video system 24 via -h 
module 26. as Dart of fh * lnterfa " 

As part of the exercise machine 22, however' 
the third game control peripheral cannot k nowever ' 
Mode. "pneral cannot be used in Game 

To accommodate this multi-modal operation th. 
software encoded in the memory cartridge 34 I wri"en t 
accept input from the exercise machine 22 (v!a thl 
interface module 26, when in Exercise Mode and Graoh 
overlay Mode, and to accept input from the game „ 
Peripherals 32a and 32b when in the Game Mode 
manner, memory cartridge ^ fflaximUm 
em standard video games Qther ^ 

or not eguipped or used with the interface module 26 It 
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is also possible for. the program on memory cartridge 34 
to accept input from both the game control peripherals 
32a,. 32b and the exercise machine 22. This feature is 
particularly useful when two users are playing a video 
5 game, but only one is using the exercise machine 22. In 
this respect, the program operates in Game Mode with 
respect to the user who is not on exercise machine, and 
in Exercise Mode with respect to the user who is on 
exercise machine 22. 

10 The. flow . chart of FIG. 13 illustrates the 

generalized operation of the software of memory cartridge 
34 executed in the video system computer 28. At a block 
146, the video system computer 28 accepts a mode selection 
from the user. This may be accomplished under software 

15 control via one of the game control peripherals 32a and 
32b, or by an external hardware switch (not illustrated) . 
The video system computer 28 determines at block 146 which 
mode is selected. If Graphic Overlay Mode is selected, 
control moves to a block 148. Details of Graphic Overlay 

20 Mode are discussed below. 

If Game Mode is selected, the video system 
computer 28 reads user input from the game control 
peripherals 32a and 32b at a block 150, executes game 
control at , a block 152, and updates the display on the 

25 television 30 at a block 154. Although in the 
illustration, the software is directed toward an 
interactive video game, other applications can be used, 
including, for example, a fitness trainer. .At a decision 
block 156, if the game is over, the program terminates. 

3 0 Otherwise, control returns to the block 150, and 
processing at blocks 150 through 156 is repeated. 

If the Exercise Mode is selected, the video 
system computer 28 transmits on INITIALIZE command to the 
exercise machine 22 at a block 158. The protocol of this 

35 communication is discussed above. At a block 160, the 
video system computer 28 reads input data from the 
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exercise machine 22 rvi* • ^ 

block 164, the video system computer 28 unH^ *u 
^ display on the television 30 to ren ec t h 

state as a result of the n»n in game 

a block 166 *h •! r ° CeSSln 9 ^ the block 162. At 

^ock 166, the video system computer 28 d^. • 
contents of the next r„» . determines the 

command data packet »«. 
block 168, if the vi . Packet. A t a decision 

n video game is over >^ 

0 -terminates, otherwise , ' he P ro 9^m 

It is understood that the - P^ared, 
* the blocks I58 f r ^J^^ dieted 

possible approaches. Po 9 r . "f?* n ""^ on. „ £ „,„v 
' *«~Y be P e„ormed in . aT f ,te„'t „r 

Ending on the nature . "the" 1^ V 
=Pooi f ic executed thereon *e st " ^ 

executing game control at the bloe*= P " 

that the video ' refers to the idea 

« vioeo system computer 28 »il] „ 

of the video game or other program iri 1" 
current user inout and ,k response to past and 

er input and the passing of time Pn . 
a video game depicts a player as a bT 7 PlC ' 
^n a highway, the step 162 L exLt^T ' ^ 
1** include a determination of wlat s pee d IT 
opponents will ped al as a function df p ast 
user input. P and current 

When operating in the Exercise MoHo *w . 
system computer. 28 may adjust load re S "ta n ^ ^ 
alternator 88 in accordance with the outco * 
Program. For the purpose of iU^T^ ^ ^ 
-at the video system computer I " e^ut " ~ 
game program which generates an e * ec utmg a video 

television 30) of a race over "'oT ^ ^ 

quality. The vid«« «„ - grade and 

y video system computer 28 adjusts the load 
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resistance of alternator 88 in accordance with the .varying 
terrain depicted and the user's actions. Thus, for 
example/ if the terrain depicted on. the television 30 has 
an increasing grade, then the video system computer 28 
5 increases the load resistance of alternator 88. 

The difficulty in existing systems is that 
changes in actual load resistance may not be . properly 
coordinated with changes in the depicted terrain or other 
video display. This discrepancy may arise because various 

10 exercise machines have different operating characteristics 
depending on the type of machine and the type of load 
device used in that machine. For example, an exercise 
bicycle using an alternator for load, resistance has 
different operating characteristics than an exercise 

15 bicycle using an eddy current brake, or a stair climber 
using a band brake. 

The operating characteristic of greatest 
interest is the load response. Load response refers to 
the time delay between changes in the load, control signal 

20 90 and changes in the actual load imposed on the user by 
the alternator 88, Fortunately, the load response of the 
alternator 88 is almost instantaneous. However, the load 
response in an eddy current brake, for example, may be 
delayed by several seconds. 

25 If actual load experienced by jthe user is to 

reflect the changes in simulated terrain (or other visual 
display) , then it is important that the change, in load 
occur virtually simultaneously with the depicted changes 
in terrain (or other visual display) . The realism (and, 

3 0 ultimately, enjoyment) of the game is diminished when the 
user's visual input (such as, for example, the grade of 
a simulated hill) does not jibe with the sensory input of 
load resistance. 

In cases where load response is instantaneous, 

35 video system computer 28 can adjust the load control 
signal 90 concurrently with the changes in video output 
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(such as the depicted grade of terrain, 

response is delayed (such as • occurs llth edd ^ 
brakes) f ho occurs with eddy current 

brakes), the video system computer 28 adjusts th* ^ „ 
control signal 90 in advance of the ch a „ae 
5 outDut p«». change m video 

second d , P ' ^ l0ad rSS P° nse - a five 

second delay, the video system computer 28 beo.n T 

"achine, it was i„ iti , lly unolear ° f ! erC1Se 
system coaputer 28 „o»la t c , °" 

15 exercise machine. under thi = "fcular type of 

cartas aesi g „ea f cr eo^corr LZT^ h °" eVer ' 
^notion poorly ^ - = i 

20 

solved by in n clu h d niUStrated *¥« P-blem is 

FIG n, a " i 9 ln ^ StatUS data Packet "8 (see 
conVi a a Ba T ^ byte °- This ^Pe data byte 

machine 22 ~ """T^ t0 ^ ^ype of exercise 
25 is , eXan,Ple ' ^ edd y-^rrent-based bicycle 

25 is assigned type number »001,» while an .it- . Dlc y cl e 

-air climber ,s assigned type ^ ^T^^ 
sho wn) in the-memory of the memory cartridge 3 as ^i te 
each type with its assigned characteristic TT 

(or other, control signal 90 in accordance with the load 
res on (or operating characteristic) as so i td 

wxth the particular type of exercise machine 22 

While practical, one difficulty with thi s 
approach is that it may not be able to * 
35 tvnc n f - - to acc ommodate new 

type of exerefse ..chines whose operating characteristics 
- not fan Within a„ existing type. To overcle "n" 
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problem, the. exercise device may transmit a special data 
packet referred, to as the operating characteristic 
specification ("OCS") data packet. The OCS data packet 
is transmitted by. the exercise machine 22 in response to 
5 the video computer 68 sending an INITIALIZE command. 

The OCS data packet includes the following 
bytes: start byte (having an address and ninth start bit) ; 
status byte D 0 (operating characteristic parameters 0,-05) ; 
and a stop byte (having a checksum and a ninth stop bit) . 

10 The protocol for communicating data packets is discussed 
above under the heading "Communication Protocols". 

Where the OCS is to be used, the status byte 
can take a sixth value (in addition to the five values 
discussed above) which indicates that the status data 

15 packet is an OCS data packet. The operating 

characteristic parameters are parameters which specify the 
operating characteristics. One possible set of parameters 
is: type of exercise movement (reciprocal or rotary, 
independent or dependant) ; limbs exercised (legs or arms) ; 

2 0 load response (in seconds delay) ; type of resistance 

(mechanical, eddy current, alternator). Alternatively, 
other descriptions can be used. 

While quite powerful , this OCS approach is 
stilly subject to the possibility that exercise equipment 
25 will be developed that is so novel that the predefined 
parameters are insufficient. To overcome this 

contingency, a third alternative is provided, wherein the 
command data packet 140 (see FIG. 12) includes additional 
data bytes (not shown) specifying upcoming load values. 

3 0 The exercise computer then determines internally when the 

load control signal 90 should be. adjusted in accordance 
with the upcoming load values. 

Graphic Overlay Mode 

In. some cases, a user of the system may want to 
35 use the television 30 to watch prerecorded video 
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signal. In these cases, it is desirable that the user's 

exercise data he periodically displayed on the television 

30 over the external video signal. To accomplish this 
oh,e ctl the syste „ 20 includes a ^ 

In Graphrc overlay Mode, the video system computer „ does 

to .anage commun.cations with the exercise machine 22 and 
to output digital exercise data to the video port 98 ' o 
superposing display on the television 30 In ZljZ 
oven H the video ^ OOTpate ;- 2 /" c ~ 

control ioad resrstance imposed hy the alternator 88 of 
exercrs. machine 22 in accordance with ,„ y sul " ble 
exercise program. Y suitable 

i»i In PraCtlce ' the ^"ware necessary for 

implementing the Graphic Overlay Mode can be incorporated 
as a routine on the memory cartridge 34. As shown" 
flow chart of FIG. X3, when initiating operation oit 
-deo system 24, the user is given the choice of three 
opera tl onal modes, inching the Graphic Overlay Mod 
The user may assert this choice either via an external 
har w are switch (not shown) or via one of the game contro 

FIG f Und6r Pr0gram C ° ntr01 - «**^ to 

FIG. 13, lf the user selects the Graphic Overlay Mode 

then control moves to a block 148, where the video system 
computer 28 transmits the INITIALI2E COM 
exercise machine 22 in accordance with the communications 
Protocol dxscussed above. At block 170, the video system 
colter 28 reads the exercise data which it receives from 
the exercxse machine 22. At a block 172, the video system^ 
computer 28 writes data to the video port 98 At a 
block 174, the video system computer 28 updates the 
coMnand data packet 140. i„ this regard, the video system 
com P u ter 28 can a dj ust the load resistance of alternator 

lloll Z° r S ° f SUit3ble SXerCiSe Pr °^-- At a 
block 176, xf the exercise program is over, the Graphic 
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Overlay Mode terminates- Otherwise/ control returns to 
the block 170, and the blocks 170 through 176 are 
repeated. 

It is understood that the Graphic Overlay Mode 
5 is an aspect of the invention that can be practiced with 
hardware configurations and communication protocols other 
than those illustrated above. Specifically, the video 
port 98, could be disposed within the exercise machine 22 
for direct access by the exercise computer 68. In this 

10 case, the exercise computer 68 (as opposed to the video 
system computer 28) writes exercise data to video port 98. 

To implement the Graphic Overlay Mode, the 
video interface 38 has been provided. FIG. 8 illustrates 
the video interface 38 in greater detail. In. this 

15 illustration, the television 30 is used to display the 
external CATV signal 42. Alternatively, the television 30 
could be used to display a video, signal from a VCR or 
compact disk player, or to display, a broadcast television 
signal. The external CATV signal 42 is received in the 

20 user's home by the CATV tuner 44, which outputs a video 
signal 178. This video signal 178- is fed into first 
input 180 of a switch 182. The switch 182 includes a 
second input 184 for receiving the output 36 of the video 
system computer 28. The switch 182 has an output 186, 

25 anc}, by means of a mechanical or electronic switch > 
selectively couples the first or second input 180, 184 to 
the output 186. 

Preferably, the switch 182 is electronically 
activated by one of the four control lines 114 emanating 

30 from the video port 98 of the interface module 26 (see 
also, FIG. 6 and discussion above relating to video 
port 98 ? ) . Thus, the video system computer 28 can, under 
software control, actuate switch 182 via one. of the 
lines 114 to selectively enable either the CATV signal 42 

35 or the video output 36. In Graphic Overlay Mode, the 
video system computer 28 enables the CATV signal -4 2 and 
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at the same time writes data to fhc 

While the multi-nodal operation of « v 
video system 20 (discussed above i conn e " • 
5 flow chart of pm ,„ connection with the 

or fig. 13) contemplates thai- *-v, o 
overlay Mo de is selected „ "^J*"" th * <=»phic 

operation ol the system 20 altZ J b ^»ni„g „ t 

For example the vL„ I "ternatives are possible. 

— E ^e~ 28 C ° Uld ^ 

- Mode. Thls „ ould e „ aMe . „:^ p ~ overly 

e-»ple, to suspend the video game L „.J h rlT' 
programming in Graphic ovarlay " »«ch regular caTV 

between modes is initiated „* ^ «■»»"». 

designated button on one of th = Pressing a 

- 3 2 a, 31b or k ey on Lypad I *~ ™ 

The output 186 of the switch is? i„ 
video overlay circuit 186. The vid«,„ " t0 

is coupled to the video port IT^Z "* 
interfaoe module 2 e. ^ U "« » of 

» "oeives digital data JT^-JS*". ^ "* 

unes „, Tha overlay ^ziTntzz:!;' th * 

the video signal which it receive » " ° VeC 

ih this manner, the video " " ^ 

television 30 will iL, h 56 displayed on th, 

• "mpute;; 1 ;™ -rr ; y viaso 

embodiment, the video overlay circuit 188 
28018 fro, Rohm Electronics Antioch » * ^ *" 

video overlay circuit 2 TTe^T^' 
Port 88, and communication therebetT ° m t '"* ""^ 

' r n«. The overlay ^T^Z^^T^ 
e h ousing of inferface module 26 . and i^, .Tm 

:r ;r. be ™~-i f unas ™ 
- to boir rtrs 0 : zzr °r ay ci ~ uit 188 - 

modulator 191 t J of cable 190 ,„ d a „ RF 

191. The RP „„ dulator 1S2 convarta viae(> 
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output of the video overlay circuit 188 to a radio 
frequency signal. The output of the RF modulator 192 is 
fed to a second outlet cable 194 . In this manner, where 
the television 30 cannot accept video signal, it is 
5 coupled to the second outlet cable 194 as shown in FIG. 
8. In cases where the television 30 can accept a video 
signal (such as with "cable ready 11 TVs) the television 30 
is coupled to the first outlet cable 190. 

In accordance with another, aspect of the 

10 invention, the video port 98 may include an additional 
data line for controlling the CATV tuner 44. In these 
cases, the CATV tuner 44 may be incorporated in the video 
interface 38 itself. In this manner, the video system 
computer 28 can write additional control bits to video 

15 port 98. These additional control bits enable the video 
system computer 28 to control the CATV tuner 44 in 
response to user input (either via the game control 
peripherals 32a, 32b or the keypad 84). Thus; a user 
while exercising in Graphic Overlay Mode could 

20 conveniently change CATV channels* 

When operating in Graphic Overlay Mode , the 
video system computer 28, accepts exercise data (such as 
pedal rpm, total calorie consumption, and heart rate) , and 
writes .this data to the video port 98 for superimposing 

25 display, on the television 30. Ideally, the data should 
be displayed- near a bottom corner of the screen, so as not 
to obscure the television image. The data may be 
displayed continuously, periodically, or in response to 
the user's command (via one of the game • control 

30 peripherals 32a, 32b, for example) . 

While in Graphic Overlay Mode, the video system 
computer 28 can also control load resistance in accordance 
with a predefined exercise program, such as typically 
resident on the exercise computer. Such programs include: 

35 (i) generating random values for load resistance; (ii) 
adjusting load resistance to maintain constant heart rate; 
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rats' orT"" 9 l0 ' d reSiSt — « -'«ai„ constant step 
rate or maximum ^ (ivj r.sist»„=. <n 

;Ta r rr lth an aeroMc ^ ™* 

(v) any other exercise program. 

Thus, the video system computer 28 calculate 

can be transmitted to the exercise machine 22 for J , 
on the program profile display 86 or c " K " * 

dieted via the overlay circuit"', oa ~ 

Data Stnr ar 

As discussed above the inf 0 .f 
includes the SRAM 9* n lnt erface module 26 

operation, the vTo system S-^i ^ 
and other data to the SRAM *. ^ da ™ ~ 
^ the interface module 26, even When 

cartridge 34 (or for ,h»* mein0ry 
* ' ror that matter — 

computer 2S , is repaaced . Vldeo 

This feature is particularly beneficial f„,- 
users „„„ tree* historical exercise data. Por . " T 
there ere fitness programs , or -personal trainers TCoicn 
base worhout intensity on past exercise perforin J J£ 
programs typically contemplate that the Let „U1 eXercLe 
With the same trainer program. Thus , „ hen the J""* 

.~d?t lic6d r ° -~ - 

112 7 15 storea «>« c artridge . This l „ affs6t 

»er to ex"" Pa "" Ul - "bridge, if the use 

examoie 7" Se " lth """^ «<=h as, for 

example, video g a .. cartridges in accordance »ith the 

"7^" ^ - — - ~y- 

historical ixtis^tr , by 

Tn x-k • interface module SRAM 96 

in thxs manner, the user is not tied to a sinal.T 
cartridge. For e y aB m a single memory 

-ren't ~- ^I^S^^,^ 
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his exercise data. Also, the user can change cartridges 
during an exercise session without losing data. 

Remote Control of Exercise Machine 

., r Many of the more sophisticated exercise 
5 machines are computer controlled. For example, load and, 
particularly, the variation of load in accordance with a 
program, is controlled by a computer generated signal 
according to a preset exercise program or protocol. The 
computation and display of calorie consumption is 

10 performed by a computer. Computation of fitness levels 
and detection of heart rates, are performed by the 
computer. Thus, many exercise machines include one or 
more microcomputers or microcontrollers, along with a 
display and keypad for communication between the user and 

15 the computer. 

These components significantly add to the cost 
of exercise machines* Cost is. an important factor in the 
marketing of exercise machines, particularly exercise 
machines intended for home use. However , most people have 

20 in their home a television, and many have computer-based 
video systems, such as the Nintendo brand entertainment 
system. Thus, the, cost* of computer-rcontrolled exercise 
equipment can be reduced by eliminating the computer and 
display^components from the equipment by substituting the 

25 processing and display power of a ; typical home television 
, and video system to perform the exercise machine control 
and display functions. ... 

In ... accordance; .with this invention, an 
alternative embodiment 2 o; : . of the exercise video system 

30 20 is illustrated, in FIG; .9. This embodiment is similar 
, to the system 20 except thatr it does not have a control 
and display panel such as. panel 74 or a computer such as 
exercise computer. 68. A remote interface 198 sends and 
receives serial RS-2 3 2 communications in accordance with 

35 a predetermined protocol. The video system computer 2 8 
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sends S " Ch f ° r ">0 „i llis econds 

relt C r and bne ' ^ reSP ° nSe ' the «~ctW machine 
remote interface 198 tr.ns.its a status packet c t thr 

£~ The first byte is the output of a b " „ r ' 
the second byte is the output o, a mechanical sensor 202 
and the third byte is the output of a DI P switch 20 / Th 
settm, of the DIP switch 204 indicates «,.* 
excise machine, and corresponds to 
D 5 o, the status data packet 138 discussed above 

lo.H „ eXerCise is equipped with ' a 

load device 208. preferably an alternator with suitable 

dnal 208. m practice, the command byte receive , 
the video system computer 28 i s JZ^ZTZ 12 

exercise machine *k p a ° y the 

aLlune " as the new vain** *-k^ ■ 

,08. The remote interf so. ^ i "d 
counter and , clock ,„bt shown,. The counter i Spied 
to the ciock. and increments with each clock cycl" ^ 
"!~ic~o ' " ables y each of 

and DIP sZch £ TlT m"''" 0 " ani0 " 2 ° 2 
witcn 204. A latch included in the v em „^ 

interface .« is coupled to each of these de^L a „ a 
hold aat bytes received ^ ^ ™ 

"^ r^^*" d ^ ie reed": 

fro. the video system computer 28, the counter is reset 
to b „ 000 „, „ hich enablcs jo 

the byte in the data latch. The clock operating \7a 

center. When the counter is incremented to binary »00!» 

°~ " OSe — « -ite its contents t he 
latch, on the „,« clock pulse, the'eontents o, the latch 
are transmitted to the video system computer 28 a„o the 
counter is incremented to binary 'oil 
mechanical sensor 202 to.rite its'oontent's " £ Z tch 
On. the nert clock pulse, the contents of the' rate" 
transmitted to the video system computer 28, "nd h. 
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counter is incremented to binary "Oil", enabling the 
mechanical DIP switch 204 to- write its contents to the 
latch. On the next clock pulse, the contents of the latch 
are transmitted to the video system computer 28, and the 
5 counter is incremented to binary "100". When the state 
of the counter is binary "lOO" , the clock is disabled and 
the remote interface 198 is placed into a receive mode so 
that no further data is transmitted until the next command 
byte is received from the video computer 68. When the 

10 next command byte is received, the counter is reset to 
M 000", and the above-described process is repeated. 

In accordance with this embodiment, the video 
system computer 28 reads the values of the biosensor 200, 
mechanical sensor 202 and DIP switch 204, and computes 

15 elapsed time, calorie consumption and rate of calorie 
consumption. The video system computer 28 also determines 
the current and upcoming load resistance values, and 
displays all of this information on < the television 30. 
This can be done in connection with a video game or other 

20 exercise programs. The video system computer 28 can also 
accept user input such as weight, exercise level and 
target heart rate using the game controllers 32a and 3 2b. 
To this end, prompts directing the user to .enter the 
required data are displayed on the television 30. 

25 Video Game Exercise Protocols 

To maximize physical fitness and in particular, 
cardiovascular fitness, it is considered desirable to 
perform exercise according to predetermined exercise 
protocols. Many existing computerized aerobic-type 

30 exercise machines. are programmed such that the user is led 
through. a preset exercise program. For example, there are 
exercise bicycles that vary resistance levels and step 
machines that vary step rate in order to create an 
interval training program resulting in . specific 

35 cardiovascular objectives. Similarly, such exercise 
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provLT T" Pr ° 9ra ™ ed " itH Pr ° tOC ° 1S to 
provide aerobic workouts that will burn o£f , 

predetemined number o t calories.- last a specific period 
of time or maintain a designated heart rate T„ 

5 :itr nt o, . the inve ""- - ■«*- - " S :: 

Video games implemented in the system „, p ig , ™! 
improved by ending exercise protocols i„ t „e Zl 
scenarios programed in the cartridge 34 

10 exercise i " UStr " i °" ° £ ■ »i°*= same containing an 

exercrse protocol is provided in Fig. 14 . ln the V 

Zl Is" re5iS " n " '—ted by the 

a line 300. Tnis resistance program is designed to 

i, : ::: " rtr 1 ^ ~ *** • ~„ : t 

minutes. m the upper portions of Fiq 14 ai ~ * 
« representative video screens 30,-™ d \ p 

in tne cartridge 34. Correspondence between th P 

« :™o 2 ; 2 :: r: r resistance ^ - 

iLstrated • T 31 °" 316 - The 9»e 

318a 318d and associated terrain 320,-320b is projected 
forward from the user who for Protectee 

is riding a bicvcie 322 Jl P P °" * h ' " aM ' 

" road 3l». Steenng of the bicycle on the 

co r 0 - c " °y using the game 

ner 32c i„ the same manner that steerinq Si 
simulated in standard video road race type games The 
apparent speed of the usefs bicycle can be changed by the 

30 bTyci v ;r%r r that he is ped * iin * » 

bicycle 22. The video gam. can also create other bicvcle 
riders (not shown,- to provide competition for 

To provide realism and visual feedback, when 
the resistance level is increased from , baS e lev, for 
example, during a warm-up period 323 to a p «. au 
* resistance level 324, the video game win generate a 
screen such as the screens 3leb and 31Sc that vUua'l 
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suggests to the user that riding the bicycle will require 
a greater effort. One method of accomplishing this effect 
is to move a horizon line 326a in the screen 302 from a 
base level upwardly to a position 326b in screen 304 so 
5 as to give the user the visual impression that he is 
riding up hill. This effect can also be accomplished by 
simulating sand, water or snow on the road 318c as shown 
on the screen 306 by a dotted portion 328 of the image. 
Using different visual effects to indicate increased 

10 riding effort is desirable when there is a relatively long 
period of increase resistance as in the case of the 
plateau portion 324 of the program 300. Here, as depicted 
on screen 306, the sand 328 is used to suggest increased 
riding effort after the first portion of the plateau 324 

15 is represented by the hill in the screen 304. A variety 
of other methods of displaying increased riding effort 
situations can be used including placing obstacles in the 
road 318a-318b; depicting the bicycle 322 as having a flat 
tire; or having an opposition rider knock the user off the 

20 bicycle 322 so that the user is required to start riding 
again with the increased effort normally associated with 
starting off on a bicycle. By the same token, when the 
resistance program 300 results in a decrease in user 
resistance, as shown for instance at a point 330 in the 

25 program 300, the apparent horizon 326d in the screen 308 
can be moved downwardly. This will provide the user with 
the visual impression that he is riding down hill. 

In addition, in some circumstances, it can be 
desirable to display upcoming hills. In the screen 308, 

30 for example, the road 318d is shown traversing a pair of 
upcoming hills 332 and 334. By showing upcoming hills, 
the user can be prepared for increased effort levels. 
Also, the upcoming hills can simultaneously be displayed 
on the LED display 86 of the exercise bicycle panel 74. 

3 5 One problem that can occur when an exercise 

protocol is imbedded in a video game is that the user's 
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rate of exercise can affect the operation of the video 

iZcTsT" r ,a,,e dispuy Msy not ■ atch the 

» a rate' / P6dalS eXerCise 322 at 

L h * tha " n °° inal r "* ot 80 R ™ 'or this 

-chine, the bixe 322 „i„ move ntJre £ 

02 308. Thus, the hiUs or displayed resistances shown 
in screens 304 or 306 win appear on the display 30 before 
20 the proved resistance levels 300 are applied to the 
exercise bicycle 322. Likewis« (»►,. . "'S 6 

is pedaled at a slower rate the 

would occur beforT, Tl\ Stance 300 

ur oefore a hill or other images suggestino 
increased effort is generated on the display ,i>T^ 

It is, therefore, desirable to supply the video 
same program based on an exercise protocol wUh logic h at 
"ill compensate for the user's actual rate of exercise 
in the video game illU str.ted in rfs . 14 , t „ e xaBpl f ^ 

20 c,Tb 7~ Pr0jeCted " "» — 30 -308 

20 can be programmed to be a function of the time when the 

next programmed resistance level 300 is to occur a d the 
rate at „ hic „ „, ^ - th 

follo„ lng „ latio „ ■ .. ^ v . aeo Be 

mth. cartridge 34 to define the apparent * 
25 distance d as: 



30 



where : 



t„ is the time programmed for the n PY f 
t c is the current time. 

Vk Ixe^cLe^Sine^^ °' *»* the 
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V c is the actual speed of exercise. 
K is a scaling constant. 

By using the above relation, the video game program can 
continue to calculate the distance to the next hill or 
5 other displayed source of increased riding effort and 
generate the appropriate screens for display on the 
television 30. 

Similar formulations can be used to adjust a 
video game display where the exercise protocol is based 

10 on distance, calories burned or heart rate and where the 
user can vary exercise machine operating parameters such 
as pedal or step rate or resistance. 

It should be noted that the video game with the 
exercise protocol described above in connection with 

15 FIG. 14 can be termed an open loop system. In this 
approach^ the video game is designed to lead the user 
through a preset exercise routine. However, the general 
approach described above can be used to provide video game 
exercise systems with video games that operate in a closed 

20 loop manner. For example, the exercise machine 22 can be 

used to monitor heart rate as described in connection with 

FIG . 4 and the video game can be programmed to maintain 

the user's heart rate at a prescribed level. This can be 

■ re- 
done, for instance, by varying the resistance of the 

25 exercise machine 22 and generating corresponding screen 

displays of the type shown in FIG. 14. 
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We claim: 

1. A physical exercise video system adapted 
hat lZr" 10 " Wlth 3 Cartridge ^ -idee game system 

a connect 5 * * C ° ntr01 Unit havi ^ 

a connector port adapted for receiving the game cartridge 

the exercise video system comprising: 

an exercise machine capable of providing 
Physical exercise movement including at least" 7 so 

. Ill " e — - exerci*: 

signal fJ^T^ ^ reSp ° nsive to * ^ control 
signal for applying a physical load resistance in 
opposition to said exercise movement; 

an interface module including first and second 
connectors defining a bus ther ebetween , sai d " 

LTs e at r adaPted C ° nneCti0n With the — ^rtZT 
and said second connector adapted for connection wit* the 
connector port; and 

with •„ C01MnUnications ™*™ operatives associated 
-th said exercise machine and said bus for permitting 
two communication between said exercise machine n d 
thegame system of said load control signal ahd exercise 

2- An exercise video system, comprising- " 

operatinaT T"'" ma ° hine P« d ^ermined 
operating characteristics; - 3 

means for- " ^ SyStem inClUdi "9 a dis P^Y and control 
means for generating information to said display in 
accordance with exercise data received from a plurality 
of exercise machines having different operating 
characteristics; and Pirating 

communication means for communicating data 

ZT 1 ™™ ined — ing character^ 

from said exercise machine to said control means. 

3. A physical exercise video system 
comprising: y tem ' 
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a physical exercise machine including at least 
one sensor for generating an exercise signal indicating 
an exercise condition; 

a video system including a control unit having 
5 a video, output, video monitor means for displaying said 
video output, and at least one user-controlled game 
interface peripheral operatively associated with said 
control unit; 

communications means for transmitting said 
10 exercise signal from said exercise machine to said control 
unit; 

said control unit being adapted for selective 
operation in at least an exercise mode and a stand-alone 
mode, wherein: 

15 in said exercise mode, said control unit 

generates said video output in response to said exercise 
signal and said game control . peripheral ; and 

in said stand-alone mode, said control unit 
generates said video output in response to said game 
20 control peripheral, 

4. A physical exercise video system, 

comprising: 

a physical exercise machine having load means 
for applying a variable level of physical load resistance 
5 in response to a load control signal, said load means 
having a load response; 

video control means for generating an output 
signal in accordance with a predetermined program, and for 
generating said load control signal; 
10 . 4 communications means, for transmitting said load 

control signal from said video control means to said load 
means; 

wherein said control means generates said load 
control signal in accordance with said output signal and 
15 said load response. 
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for dl i 5 * * PhySiCal exerc i" video system adapted 
for d Pl g exercise on a video aonitQr P 

also displaying an external video signal, comprising: 

a Physical exercise machine including at least 

one sensor means for generating exercise data; 

a video interface adapted for interposition 

between the external video signal and tne videQ 

and lncluding vid£o overlay ^ . J™ 

onto the external video signal; and 9 

exercise datIT niCati ° nS ^ ********* said 

exercise data from said sensor to said video interface for 

superposition of said exercise data onto the exte r n a 
video signal. external 



6. A physical exercise video svst,™ 
comprising: system, 

generatina \ includi ^ »-n. for 

generating exercise data; 

a video system control unit; 

said ev interfaCe meanS for Priding communication of 
said exercise data from said exercise machine to said 
video system control unit, said interface means being 
releasably coupled to said video system control unit and 
10 including memory; ' and 

Wherein said memory is accessible by said 
control unit for recording exercise data thereon. 

7- A n exercise machine, comprising: 

oroVH- an eXerClSe structu " including means for 
providing an exercise movement; 

5 i oa H • 109(3 meanS providin * a variable level of 

aid lol nC V n OPPOSiti ° n t0 6XerCiSe cement; 

said load means being responsive to a load control signal - 

said * ^ l6aSt S6nSOr ° perativel v associated with 
said exercise structure for generating an exercise signal 
indicating an exercise Condition; ? 

a video system that is remote from said 
exercise structure, said video system having a control 
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unit that includes at least one game control peripheral 
coupled to said control unit; 

a video monitor responsive to said control 

unit; 

5 communications means for providing 

communication of said load control and exercise signals 
between said exercise structure and said video system; and 
wherein said control unit includes processing 
means responsive to said game control peripheral and said 
10 exercise signal for generating said load control signal 
and generating a display on said video monitor 
representing said exercise condition. 

8. A video exercise system comprising: 

a physical exercise apparatus having physical 
resistance means for generating a user resistance force; 
a video display; 
5 a game control peripheral operable by the user; 

and 

control means operatively connected to said 
exercise apparatus, said game control peripheral and said 
video display for generating a user interactive game on 
10 said video display wherein said user resistance is varied 
in accordance with said game and a predetermined exercise 
protocol . 

9. The system of Claim 8 wherein said 
exercise protocol includes a predetermined set of said 
user resistances for predetermined times. 

10. The system of Claim 9 wherein said control 
means includes speed means for controlling said game so 
as to compensate for the user's rate of exercise. 
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